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ALTHOUGH coronary arterial spasm is now a wellrecognized clinical entity, its causes remain elusive. Based on the observation that in the individual patient with variant angina coronary spasm tends to recur in the same vascular segment, we suggested a decade ago that a local supersensitivity of the coronary vessels to diverse vasoconstrictor stimuli' was the mechanism underlying coronary spasm. Specific agonist-receptor interactions have also been proposed as an alternative cause of spasm.2'-" However, attempts to prevent spontaneous or ergonovine-induced coronary spasm with specific blockers failed or produced inconclusive results. 12" In patients with variant angina focal coronary spasm can be reproduced by ergonovine"922 and, less frequently, also by hyperventilation.2"25 Isolated reports suggest that coronary spasm can also be provoked by a number of physiologic maneuvers2"29 and pharmacologic agents such as histamine,9 epinephrine,3 metacholine,5 and dopamine.30 It has therefore become apparent in patients with variant angina that particular segments of their epicardial coronary arteries exhibit an abnormal reactivity to stimuli that produce only minor degrees of coronary constriction, if any, in normal individuals or in patients with other forms of angina.3'
The aim of our study was to investigate whether the abnormal coronary reactivity exhibited by patients with vasospastic angina results from specific abnormal agonist-receptor interactions or from a local, nonspecific supersensitivity to different stimuli. To this end, we studied the responses of patients with vasospastic angina to a series of provocative tests known to induce coronary spasm through different mechanisms. Handgrip. Maximal handgrip was maintained for 1 min.
Histamine. As suggested by Ginsburg et al.,9 2 hr before testing cimetidine (10 mg/kg) was administered orally, and 10 min before testing it was given intravenously (15 mg/kg) over 10 min. Histamine was then infused at an initial dose of 0.5 gug/kg/min for a 3 min period. If no chest pain or ischemic ECG changes occurred, a dose of 1 ug/kg/min was then administered over 3 min.
Exercise testing. Maximal treadmill exercise tests, by the modified Bruce protocol, were performed.
Data analysis. During noninvasive testing, a test was considered positive (indicative of coronary spasm) when ST segment elevation of 0.1 mV or more developed in leads with no pathologic Q waves. ST segment depression of 0.1 mV or more horizontal or downsloping was also considered to suggest spasm when it developed in the absence of any significant increase in rate-pressure product or in the presence of normal coronary arteries. During exercise, ST segment depression was interpreted as suggestive of spasm (positive test) only in patients with minor or no angiographic lesions. Angina alone was not considered a criterion for a positive test.
In patients who underwent repeated provocative testing, a "variable" response indicates that both positive and negative results occurred. A "consistent" response to a particular test (either positive or negative) indicates that the same result always occurred. Continuous data are presented as mean ± ment depression was observed. After repeated testing, two of the seven patients with normal coronary arteries and exercise-induced ST segment depression had a similar pattern of response, whereas five had negative tests at similar heart rate-blood pressure products. Two patients (Nos. 5 ate potency, while the cold pressor test and handgrip were less potent stimuli. Responses to provocative testing were similar in patients with normal coronary arteries or nonsignificant stenoses and in patients with significant coronary lesions. The sensitivity to hyperventilation and histamine was lower than recently reported (approximately 70% to 80% and 90%, respectively, compared with ergonovine).24 With respect to hyperventilation, the spontaneous variability in the response to the test, different patient selection criteria, and the fact that a small number of patients have usually been included may account for the difference. It is also possible that, although all patients hyperventilated vigorously, the critical increase in pH necessary to induce spasm23-25 might not have been achieved in some of them. Since arterial pH was not monitored, we could have been unaware of this fact. For histamine, the available data are from only six selected patients with variant angina9 and therefore, as the authors of this report suggest, conclusions regarding the sensitivity of the histamine test for the identification of coronary spasm cannot be drawn from their study.
It is of interest that almost 50% of our patients had exercise-induced spasm. The sensitivity of exercise testing in the present study was higher than that found by others. 32 33 This may reflect the criteria used here to define the presence of coronary spasm during the stress test. If only the criterion of ST segment elevation during the first exercise were used, the sensitivity would have been 21 %, a figure consistent with other reports.32 33 Furthermore, since the spontaneous variability of the test result in patients with Prinzmetal's angina is high,28 34 repeated exercise testing probably recruited more patients with positive results than would a single test.
Results of repeated testing performed within a short period show that the reproducibility of the responses to the different stimuli parallels their potency as triggers of coronary arterial spasm. The fact that the response to stimuli of intermediate potency is highly variable in the same individual probably indicates that the threshold for spasm can vary dramatically. 28 34 Specific agonist-receptor interactions vs nonspecific local supersensitivity of the coronary arteries. Based on the observation that naturally occurring substances, when administered in pharmacologic doses, can provoke coronary arterial spasm in patients with variant angina, it has been postulated that supersensitivity of specific receptors and abnormal agonist-receptor interactions are mechanisms causing coronary spasm.2 5 Active vs passive mechanisms in the genesis of myocardial ischemia: role of coronary atherosclerosis. Since in a clinical study of this nature coronary spasm cannot be documented angiographically on every occasion, concern may exist that some of the ischemic episodes triggered by provocative tests that may lower systemic blood pressure or induce myocardial arteriolar vasodilatation do not result from coronary arterial spasm but from any of several other possible mechanisms. It has been shown that changes in vasomotor tone, even within the physiologic range, at the level of a significant stenosis may dramatically influence coronary blood flow distal to the stenosis (dynamic stenoses).42`It has been proposed that coronary spasm is the result of normal vasomotion at sites of pliable atheromatous stenoses that, acting as "levers," magnify the effects of physiologic smooth muscle contraction on luminal diameter.45`46 Furthermore, the distal dilatation that can be caused by exercise, handgrip, and histamine can increase the resistance in a significant compliant stenosis. 47 48 Increased flow through a stenosis may result in excessive pressure loss at the level of stenosis and may lead to passive collapse. 49 50 For this mechanism to be in effect, however, the presence of both significant coronary stenoses and a large increase in coronary flow or a marked drop in aortic pressure is necessary. Therefore, passive closure of the vessel would not explain the ischemic episodes triggered by provocative tests in patients without significant lesions (60% of patients in this study). In the remaining 40%, those with significant coronary stenoses, the possibility that stimuli that lowered systemic blood pressure, increased coronary flow, or both, might have produced ischemia by mechanisms different than coronary spasm cannot be ruled out. However, our results indicate that coronary spasm was indeed the cause of ischemia associated with provocative testing in patients without significant lesions as well as in patients with critical stenoses, for the following reasons:
(1) No differences were found in the response to diverse vasoconstrictive stimuli in patients with significant coronary lesions and those with normal arteries or minimal coronary stenoses.
(2) Patients 4, 8, and 27, all with significant atherosclerotic lesions in one coronary artery, had neither angina nor ischemic ST segment shifts during maximal stress testing. This indicates that although "anatomically significant," these obstructions did not provoke myocardial ischemia even in the presence of a marked increase in oxygen demand. Moreover, spasm was observed in arteries that were angiographically normal in two patients with significant single-vessel disease (blocked right coronary arteries), thus providing evidence that in these individuals ischemia did not arise from stenotic vessels.
(3) In this selected group of patients with vasospastic angina (with or without coronary lesions), ischemic episodes triggered by stimuli that may have systemic effects (histamine, handgrip, cold pressor) were similar to those provoked by ergonovine. Furthermore, in none of the patients with positive histamine tests were marked drops in systemic arterial pressure observed. Conversely, ischemic ECG changes and angina were not observed in five patients (three with critical stenoses) who experienced a significant fall in systolic pressure during histamine testing.
Our data are in agreement with those of Freedman et al. ,41 who showed that patients with Prinzmetal's angina have an increased sensitivity to coronary vasoconstrictors at the level of organic stenoses, and with findings by Hill et al., who suggested that a localized disorder in coronary vasomotion is present in patients with coronary spasm, and that this is not limited to constriction but also involves increased dilation in response to nitroglycerin.
The cause of the nonspecific local supersensitivity of the coronary arteries of patients with variant angina is still speculative.52 Coronary atherosclerosis has been suggested to be the "localizing factor" for spasm. 45 46'`Recent experimental evidence suggests that the hypercontractility of the arterial wall might be associated with the atherosclerotic process itself. 54 
